Abstract Scores on the autism spectrum quotient (AQ) were examined in 65 adults with ASD. Maternal reports of symptoms were collected simultaneously using the autism diagnostic interview-revised (ADI-R) and the Vineland Screener. A slightly revised AQ administration procedure was used to accommodate adults with below average IQ. AQ scores were lower than in the original validation study, with only 11 adults (17%) scoring above the proposed diagnostic cut-off and 24 (27%) exceeding the screening cut-off. Adults with higher IQs endorsed more symptoms than those with below average intelligence, but even when analyses were restricted to the 39 adults with at least average IQ, only 44% met the screening cut-off. AQ scores were not significantly correlated with ADI-R or Vineland scores.
Introduction
Autism spectrum disorders (ASD) have been conceptualized as pervasive, lifelong disorders, and a number of longitudinal studies of ASD have supported the stability of these diagnoses over time (Billstedt et al. 2005; Lord et al. 2006) . Many individuals with ASD also have a diagnosis of intellectual disability (ID), with estimates ranging from 50 to 75% of the ASD population (Bertrand et al. 2001; Fombonne 2005) . Over the last several years, the field has made significant advancements in efforts to conduct valid, standardized assessments of children with a suspected diagnosis of ASD (Gotham et al. 2011 ). However, because ASD is normally diagnosed during childhood, less attention has been given to the development of assessment tools that are valid for use in adult populations.
Unlike assessment of other types of adult psychopathology, such as mood and anxiety disorders, where standardized self-report measures are central to diagnostic practices, self-report has not traditionally been part of assessment for ASD. Thus, until recently, there were no standardized self-report measures available for use in adults with ASD. To address this need, Baron-Cohen and colleagues developed the Autism-Spectrum Quotient (AQ; Baron-Cohen et al. 2001) , a brief, self-administered questionnaire designed to measure autistic traits in adults with normal intelligence.
The AQ applies a quantitative approach to the measurement of ASD symptoms. This assumes that behaviors associated with ASD lie on a continuum, where individuals with a diagnosis of ASD would be expected to be at one end, and unaffected individuals with few ASD symptoms or characteristics would be at the other end. Thus, the AQ is designed to provide a continuous measure of autistic traits that can be used to indicate where an individual with normal IQ falls on the ASD continuum (Baron-Cohen et al. 2001) . Although the authors emphasize that high scores on the AQ do not necessarily mean that an individual warrants a diagnosis of ASD, they suggest that the AQ may be a useful tool for indicating the degree of ''caseness'' in research studies of ASD, or, in a clinical setting, for identifying adults who should undergo further evaluation. Baron-Cohen et al. (2001) reported that in the initial AQ validation sample, 80% of individuals with an independent diagnosis of ASD (n = 58) scored above the proposed cutoff of 32, whereas only 2% of controls selected randomly from the general population scored above that cut-off. A follow-up study by Woodbury-Smith et al. (2005) suggested that a lowered cut-off score of 26 was preferable when using the AQ for screening purposes. Among 100 patients with average intelligence evaluated at a diagnostic clinic, this revised cut-off yielded a sensitivity of 0.95 and a specificity of 0.52 (Woodbury-Smith et al. 2005) .
The AQ has been revised for adolescents ) and for Japanese, Dutch, and French speaking populations (Ketelaars et al. 2008; Lepage et al. 2009; Wakabayashi et al. 2004) . It has been employed in a number of recent studies of both clinical and general population samples to examine the relationships between ASD symptoms and a wide range of variables, including personality characteristics, self-referential cognition, and empathy (Austin 2005; Lombardo et al. 2007; Wakabayashi et al. 2006) . In addition, the AQ has been used as a measure of the broader autism phenotype in parents of individuals with ASD (Bishop et al. 2004; Wheelwright et al. 2010; Whitehouse et al. 2007 ). More recently, the AQ has even been used to measure the relationships between autistic traits and various neural and physiological correlates, such as gray matter volume, magnocellular visual evoked potential delay, and salivary testosterone (Sasamoto et al. 2011; Sutherland and Crewther 2010; Takagishi et al. 2010) .
With regard to independent investigations of the psychometric properties of the AQ, many studies have relied on non-ASD general population and/or student samples (Hurst et al. 2007; Kloosterman et al. 2011) . While these studies increase understanding of the factor structure, internal consistency, and reliability of the AQ, ASD samples are needed to draw conclusions about its validity as a screening tool, or as a measure of ASD symptoms. Studies that have examined the use of the AQ in individuals with ASD have raised some questions about its sensitivity. Ketelaars et al. (2008) reported that scores on the Dutch translation of the AQ did not differentiate between patients diagnosed with mild ASD and those without ASD, except on the Communication subscale. On the other hand, Hoekstra et al. (2008) found the Dutch AQ to have good sensitivity and specificity in differentiating adults with ASD from adults who were either in the general population or who had diagnoses of social anxiety disorder or obsessive-compulsive disorder. Using the Japanese translation of the AQ, Kurita et al. (2005) reported a sensitivity of 0.76 using a cut-off of 26. However, AQ scores among their 26 participants with established ASD diagnoses were on average 6 points lower than participants with ASD in the British validation sample.
Taken together, results of these studies indicate a need for more research on samples of adults with ASD to evaluate the appropriateness of the AQ for use in clinical practice and research. Particularly if the AQ is going to be used as a screening instrument, it is important to determine whether recent findings about adults with ASD scoring lower than expected on the Dutch and Japanese translations of the AQ apply to the English version, as well.
The current study examined AQ scores in a community sample of adults with ASD. This sample provided a unique opportunity to investigate the criterion related validity of the AQ, because all of the adults entered the study with previous diagnoses of ASD, and because maternal reports of ASD symptoms were collected at the same time as adult self-reported symptoms on the AQ. Given that a large proportion of adults with ASD have a comorbid intellectual disability (e.g. Fombonne 2005), we also examined the use of the AQ in participants with below average intelligence. However, because the AQ was specifically designed for adults with normal intelligence, additional analyses were conducted separately for participants with below average versus average or above average IQ.
Methods
Participants were drawn from an ongoing longitudinal study of adolescents and adults with ASD living in Wisconsin or Massachusetts (Seltzer et al. 2003 Taylor and Seltzer 2011) . Begun in 1998, the Adolescents and Adults with Autism (AAA) study has thus far collected information from the families of 405 adolescents and adults with ASD eight times over the course of 12 years. Upon entry into the study, eligibility criteria included that the family had at least one child with a community diagnosis of ASD (i.e., a previous diagnosis from a physician, psychologist, or other professional in the community), and that this diagnosis could be confirmed based on lifetime ratings on the Autism Diagnostic Interview-Revised (ADI-R; see below).
At the fifth wave of data collection, which took place between 2004 and 2005, the study protocol included a direct assessment of a sub-sample of adults with ASD. Selection criteria for this sub-sample included verbal ability and willingness to participate. Because the present set of analyses was focused on adults, only participants who met the above criteria and were at least 18 years of age at the time of the direct assessment were included. A total of 271 individuals were at least 18 years old at the fifth wave of data collection; 85 of these had sufficient verbal ability and interest to participate in the direct assessment. However, given our primary focus on the AQ, participants were only included in the analyses if complete AQ data were available. This resulted in a final sample of 65 adults with ASD between the ages of 18 and 52. As shown in Table 1 , the majority of these individuals were male and Caucasian. Full-scale IQ (FSIQ) varied widely, ranging between 35 and 142, but participants were generally quite high functioning (M = 89.61). Only 22% of the sub-sample received scores in the range of intellectual disability (i.e., FSIQ \ 70).
Participants were interviewed in their homes by trained interviewers who had achieved appropriate standards of reliability on the measures included in the study protocol. Adults with ASD were administered the AQ, the Wide Range Intelligence Test (WRIT: Glutting et al. 2000) , and an interview about friendships (Friendship Interview: see Losh and Piven 2007) . Mothers of the adults with ASD completed a lengthy questionnaire, as well as an interview that included the Vineland Screener (Sparrow et al. 1993) and algorithm items from the Autism Diagnostic InterviewRevised (Rutter et al. 2003) .
Measures

Autism-Spectrum Quotient
Development of the AQ (Baron-Cohen et al. 2001 ) was based on observations of individuals with ASD. The measure includes 50 items that were selected to be representative of the triad of impairments in ASD (i.e., deficits in communication and reciprocal social interaction, and the presence of restricted and repetitive behaviors), as well as associated cognitive styles and preferences that have been observed in individuals with ASD (e.g., attention to detail). The respondent is asked to indicate whether he/she agrees, strongly agrees, disagrees, or strongly disagrees with a series of statements. For scoring purposes, agree and strongly agree are combined, and disagree and strongly disagree are combined. Responses that indicate the presence of an ASD symptom are scored 1 point. The maximum possible score on the measure is 50 (1 point for each item).
The AQ includes five conceptually derived subscales: Social Skill; Attention Switching; Attention to Detail; Communication; and Imagination. Each subscale contains ten items. Baron-Cohen et al. (2001) reported moderate to high internal consistency for the subscales, ranging from 0.63 for Attention to Detail to 0.77 for Social Skill. Testretest reliability was also good (r = 0.70), as was convergence between parent and child report. While parents tended to rate their adult children as having more difficulties than the adult children rated themselves, the average difference between self-and parent-report scores on the AQ was only 2.8 points (see Baron-Cohen et al. 2001 ).
Because the current study involved administering the AQ to a more intellectually heterogeneous group of individuals, it was necessary to make some modifications to standard AQ administration procedures to accommodate varying degrees of intellectual abilities among participants. To ensure that the adults in our sample would be able to comprehend the questions, we amended eight items that contained negatives so that they were phrased without use of the negative (scoring was also reversed for these 8 items). For example, ''It does not upset me if my daily routine is disturbed'' was changed to ''It upsets me if my daily routine is disturbed.'' Table 2 contains a list of the 50 AQ items; wording differences adopted for the current study appear in italics. Additionally, interviewers read the questions to the participants as opposed to having the participants read the questions themselves. This was done to ensure that reading difficulties would not interfere with some participants' ability to complete the measure. Despite these alterations to the standard administration, internal consistency of the overall AQ was acceptable (Cronbach's Alpha = 0.74). Cronbach's alpha coefficients for the subscales tended to be lower (Social Skill, 0.76; Attention Switching, 0.57; Attention to Detail, 0.59; Communication, 0.61; Imagination, 0.42), and were generally lower than reported in the validation sample in which coefficients ranged from 0.63 to 0.77. However, it is important to note that only the total score, and not the subscale scores, is used when determining whether or not an individual meets screening and/or diagnostic cut-offs on the AQ.
The Wide Range Intelligence Test
The WRIT (Glutting et al. 2000 ) is a measure of intelligence that provides standard scores of verbal, nonverbal, and general intelligence. This measure has been validated for use with individuals of different ages, ethnicities, and educational backgrounds (Shields et al. 2004 ). In the present study, we used the general intelligence standard score, with a mean of 100 and a standard deviation of 15, as a measure of overall cognitive ability.
Vineland Screener
The Vineland Screener (Sparrow et al. 1993 ) is an abbreviated form of the Vineland Adaptive Behavior Scales (Sparrow et al. 1984) . It is a semi-structured interview that is administered to parents or caregivers to obtain an estimate of an individual's current adaptive abilities. The Vineland Screener yields scores in Communication, Daily Living Skills, and Socialization, as well as an overall Adaptive Behavior Composite score. Higher scores indicate better adaptive abilities.
Autism Diagnostic Interview-Revised
The Autism Diagnostic Interview-Revised (ADI-R: Rutter et al. 2003 ) is a comprehensive semi-structured interview for caregivers of individuals with suspected ASD. The interview is organized into three symptom domains that reflect DSM-IV criteria for autism (i.e., Qualitative Abnormalities in Reciprocal Social Interaction, Qualitative Abnormalities in Communication, and Restricted, Repetitive, and Stereotyped Patterns of Behavior). The diagnostic algorithm, which is based on lifetime ratings of behaviors, has been shown to have high levels of sensitivity and specificity (Lord et al. 1994) .
At the initial wave of data collection, mothers of adolescents and adults with ASD were asked both about their child's current and past behaviors. Information about past behaviors was collected in order to verify that the adolescent or adult met ADI-R diagnostic algorithm cut-offs for ASD (see Seltzer et al. 2003) . At subsequent waves, caregivers were asked only about their child's current behaviors.
For the present set of analyses, ADI-R current domain scores were calculated by adding current scores for behaviors in the diagnostic algorithm that are applicable to individuals 10 years and older (see ''current algorithm for individuals 10 years and over' ' Rutter et al. 2003) . We also calculated an overall index of ASD symptoms by summing the current scores from all three domains (using the Verbal total from the Communication domain). The ''current algorithm'' for the ADI-R has not been validated for diagnostic purposes, so there are no established cut-offs to determine an ADI-R classification of ASD or non-ASD, but current total scores can provide estimates of the individual's present level of ASD symptoms (as observed by the parent), where higher scores indicate more abnormality.
Results
Analyses were conducted in SPSS. Because of multiple comparisons, significance was set at p B .01.
AQ Total Scores
Total scores in our sample were substantially lower (M = 24.62, SD = 6.22), signifying fewer autism symptoms, than the mean of 35.8 that was reported for individuals with ASD in the original validation study. Of the 65 adults for whom complete AQ data were available, 11 (17%) met the diagnostic cut-off of 32 proposed by BaronCohen et al. (2001) and 24 (37%) met the screening cut-off of 26 proposed by Woodbury-Smith et al. (2005) .
AQ Subscale Scores
To examine the pattern of scores among adults in our sample, we calculated subscale scores using the scales proposed by Baron-Cohen et al. (2001) . As was the case with AQ total scores, subscale scores were much lower among adults in our sample compared to adults in the validation sample. Whereas Baron-Cohen reported mean subscale scores in individuals with ASD ranging between 6.4 and 8.0, our adults obtained mean subscale scores that ranged between 3.63 (Imagination) and 6.65 (Attention to Detail) (see Fig. 1 ). An examination of the pattern of subscale scores revealed that individuals tended to endorse more ASD symptoms and thus received significantly higher scores in the areas of Attention Switching and Attention to Detail compared to the areas of Social Skill, Communication, and Imagination (see Fig. 1 ). For example, in the area of Social Skill, only 26% of individuals scored in the ''autism direction'' by disagreeing with the statement ''I prefer to do things with others rather than alone.'' On the Communication subscale, only 31% disagreed with ''I enjoy social chit chat.'' In contrast, individuals were more likely to receive scores on items in the Attention Switching and Attention to Detail sub-domains: 72% agreed with the statement ''I frequently get so strongly absorbed in one thing that I lose sight of other things,'' and 74% agreed with ''I tend to notice details that others do not.'' Relationships between AQ Scores and Characteristics of the Adult with ASD AQ scores were not associated with the adult's gender, F(1, 63) = 0.10, p = .75, residential status (i.e., co-residing with a parent vs. living outside of the home), F(1, 63) = 2.26, p = .14, or age (r = -0.001, p = .99). AQ scores were significantly positively correlated with IQ (r = 0.33, p = .01) (see Table 3 ; Fig. 2 ), indicating that individuals with higher IQs tended to endorse more symptoms on the AQ. Only the Social Skill and Communication subscale scores were significantly correlated with IQ (r = 0.49, p \ .001; r = 0.34, p = .007, respectively), whereas scores on the other three subscales were not.
Relationships Between AQ Scores and Maternal Report Measures
To further explore how well AQ scores matched with other reports of current ASD symptoms, we examined correlations between the AQ, the ADI-R, and the Vineland Screener. As seen in Table 3 , the AQ was not significantly correlated with overall ASD symptoms on the ADI-R or social ability as measured by the Vineland Screener. As expected, ADI-R total scores were significantly correlated with Vineland social scores (r = -0.68, p \ .001), but neither of these was significantly correlated with scores on the AQ. Fig. 1 Because the AQ was developed for use in adults with average intelligence, and given the clear association between IQ and AQ scores in the present sample, we examined AQ scores separately for individuals who received a full-scale IQ score of at least 85 (n = 39) compared to those who scored in the borderline range or range of intellectual disability (n = 23) on the WRIT. Three individuals who did not complete the WRIT were not included in these analyses. Table 4 presents for each IQ group the mean AQ total and subscale scores, as well as the % meeting diagnostic or screening cutoffs. As shown in Table 4 , the AQ total score was three points higher (signifying more autism symptoms) for adults with average or above average IQ than those with ID, and a greater percentage met diagnostic and screening criteria. As was the case for the sample as a whole, AQ scores were not significantly correlated with ADI-R or Vineland scores in either the below average IQ group or the average/above average IQ group.
Discussion
The current study examined AQ scores in a sample of adults with ASD. Based on the fact that all participants had previously received independent community diagnoses of ASD, met lifetime ADI-R criteria for autism, and were currently reported to exhibit significant social-communication difficulties on the ADI-R and the Vineland Screener, AQ scores in this sample were surprisingly low. Only 37 and 17%, respectively, exceeded the proposed screening or diagnostic cut-offs, and both total and subscale scores were significantly lower than reported in the British validation and follow-up studies. The lack of strong correlations between scores on the AQ and scores on the ADI-R and Vineland Screener is not entirely surprising given the different types of difficulties assessed by each instrument, as well as the fact that one is parent-report and the other selfreport. However, the low sensitivity of the AQ cut-offs in a group of individuals known to have substantial ASD-related impairment is significant. The mean AQ score of 24.62 in our sample is similar to Ketelaars et al. (2008) and Kurita et al. (2005) , which reported mean AQ scores of 22.5 and 29.4 in their participants with ASD. These authors hypothesized that lower scores in their samples may have reflected less severe ASD symptoms compared to participants in the validation sample, but this is unlikely to explain the low AQ scores reported here. Mothers of participants in the current study endorsed both high levels of ASD symptoms and impaired adaptive behavior skills in their adult children at the same time that the AQ was completed. Furthermore, numerous reports from the AAA project that included participants described in the current study have highlighted the tremendous difficulties faced by these adults and their families, including persistent ASD symptoms across domains, limited social participation, few or no friendships, and exceptionally low levels of gainful employment (Orsmond et al. 2004; Taylor and Seltzer 2010) .
While it is unlikely that lack of ASD symptoms accounted for lower AQ scores in our sample, other sample characteristics may have contributed to the discrepancies seen here. Importantly, unlike many studies of adults with ASD, our participants were drawn from the community. Therefore, in comparison to adults in clinic settings who are seeking diagnosis or treatment related to their disorder, adults in the current study may have been less focused on their difficulties and/or less willing to admit to certain types of difficulties. Another potential explanation for lower mean scores in this sample is that although the AQ is not intended for people with below average intelligence, we opted to include all adults for whom complete AQ data were available (about one-third of the sample had IQs below 85). Indeed, AQ scores in our sample were significantly positively correlated with IQ, indicating that adults with higher IQs tended to endorse more symptoms on the AQ. Yet, even when subsequent analyses were limited to the 39 adults with IQs of 85 or above, AQ scores were still much lower than would be expected for adults with a diagnosis of ASD. Only 44% of the adults with average or above average intelligence met screening cut-offs and 21% met diagnostic cut-offs, yielding much lower sensitivity than was reported in the validation studies. It is also interesting that proband IQ was not significantly related to maternal reports of difficulties on either the ADI-R or the Vineland. Thus, despite being rated similarly on other validated measures of ASD symptoms/social-communication difficulties, adults with higher IQs and lower IQs differed in their self-ratings. Another important consideration is that limited insight, which is often associated with a diagnosis of ASD, may interfere with the ability of some adults with ASD to accurately report about their difficulties. In the current study, scores on the Communication and Social Skill subscales were significantly lower than scores on the Attention Switching and Attention to Detail subscales, indicating that adults with ASD may have a particularly difficult time recognizing their social and communication challenges. Baron-Cohen et al. (2001) also acknowledged this possibility that limited insight, or ''mind-reading problems,'' in individuals with ASD could impair their judgments about their own behavior, so the AQ is specifically designed to include some items that inquire about preferences, such as ''I enjoy social occasions'' or ''I'd rather go to a library than to a party.'' The inclusion of these items was intended to increase the sensitivity of the measure by not relying solely on a person's ability to accurately report about their behaviors. Interestingly, however, these items were among the least frequently endorsed in the ''autism direction'' by participants in the current study. For example, whereas the majority of participants acknowledged that it was hard for them to make new friends, only 17% indicated that they did not enjoy meeting new people. Clearly, with regard to items that assess preferences, there appears to be a great deal of variability in this population. It cannot be assumed that an adult with ASD will necessarily exhibit low levels of social interest or motivation.
Findings from the current study suggest that the AQ may not always provide a valid measure of ASD-related impairment. Whereas some adults with ASD may respond in the ''non-autism'' direction because they have poor insight into their difficulties, others may have higher levels of social interest than the measure assumes. Particularly when administered to adults with limited insight and higher levels of social interest, AQ scores may not accurately reflect the likelihood that an individual has ASD. Researchers and clinicians should exercise caution in using the AQ in isolation to screen for the presence of ASD or ASD related difficulties. It is also important to reiterate the fact that the AQ was specifically designed for adults with at least average cognitive abilities, and our findings further suggest that the measure is more sensitive in adults who meet this criterion.
The low rates of AQ item endorsement in our study also call into question whether the AQ should be used to measure autistic traits in clinical or general population samples. This is an important issue, because in studies that employ the AQ as a continuous measure of autism symptoms or as an index of ASD susceptibility, there could be a risk of drawing erroneous conclusions about the relationships between ASD-related constructs and other variables. In other words, if many individuals with ASD fail to respond to AQ items in the expected ''autism direction,'' then it is necessary to evaluate whether higher scores are truly indicative of more ASD symptoms, or whether they might instead represent other factors (e.g., lack of interest in social interactions) that are not necessarily associated with ASD in adulthood.
Limitations A significant limitation of the current study is that we altered the standard administration procedures of the AQ. Questions phrased in the negative direction were re-worded to improve comprehension, and participants were read the AQ questions (rather than reading them on their own). This was done because we extended the use of the AQ beyond the population for which it was originally intended and wanted to modify the administration to be more appropriate for individuals with ID. As a result of being read the questions, some individuals may have felt uncomfortable endorsing certain symptoms and thus may have received lower scores than they would have if standard administration procedures had been carried out. On the other hand, if social desirability were driving a tendency to underreport symptoms, we would have expected adults with higher IQs (and presumably more aware of social expectations) to report fewer symptoms than those with lower IQs, rather than more symptoms. Furthermore, it is unlikely that the revised administration procedure affected participants to such a degree that it substantially accounts for their lower AQ scores. It is also important to note that internal consistency of the total measure remained high despite these alterations. Nevertheless, before more solid conclusions can be drawn about the strengths and limitations of the AQ as a measure of ASD symptoms in adults, it will be important to conduct other studies of adults with ASD using the standard AQ administration procedure. It would also be worthwhile to explore the extent to which our altered administration actually improved comprehension. If these minor wording modifications improve comprehension in general, or in individuals with lower cognitive abilities, future studies may wish to employ similar modifications when including participants with intellectual disabilities.
The inclusion of adults who have both ASD and intellectual disabilities in future research is needed, given the high prevalence of ID in the ASD population. When designing self-report instruments for individuals with ASD who have ID, it will be important to draw on literature about interviewing individuals with compromised intellectual functioning. For example, research by Carol Sigelman and colleagues (e.g., Heal and Sigelman 1995) has shown that individuals with intellectual disabilities are particularly susceptible to response biases (e.g., acquiescence). Instruments that incorporate multiple-choice formats (especially with accompanying pictures) and that use item-reversal, yield more valid responses in individuals with ID than open ended or yes-no question formats. Embedding measures of consistency, such as including multiple questions with similar content, is another way to ensure that response biases have not threatened the reliability of the data.
Conclusion
This investigation suggests multiple avenues for future research to discover strategies for obtaining valid selfreports of ASD symptoms and to probe more deeply into the subjective perceptions of adults with ASD. For some individuals, self-report provides a valid method for ascertaining information about ASD-related impairment, and may serve as the only means of gathering information about certain symptoms that are not necessarily visible to others (e.g., sensory preferences). For other individuals, such as those with limited insight into their difficulties, self-report may not be an appropriate way to establish or confirm an ASD diagnosis, or to index a person's level of ASD symptomatology. However, adults with ASD have a perspective that is important to consider in both assessment and treatment, and there is clearly a need to develop selfreport measures that can be used in individuals with different levels of ability. Collecting information directly from diverse groups of adults with ASD, rather than making assumptions about the interests, motivations, or preferences of these individuals, will inform efforts to understand more about the various manifestations of and internal experiences associated with ASD in adulthood.
